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Abstract

The BCMA gene'is a new gene discaverad by the molecular analysis of a 1{4;16) translocation,
characteristic of 3 human T cell lymphoma. It has no significant similasity with any known protsin
or motif, so that its function was unknown. This report deseribes the cloning of murine BCMA
cONA and its genomic counterpart. The mouse gena Is organized into three exons, fike the human
gens, and ffes In murine chromosome 16, in the 1683 band, the counterpart of the human
chromosoma 16p13 band, whera the human gene lies. Mutina BCMA <DNA encodes a 185 amino
aclds pratein (184 residues for the human), has a potential central lransmembrane segmoent [ike the
human protein and |s 62% ldentical fo It. The murine BCMA mRNA is found mainly in lymphoid
Bssues, as is human BCMA mRNA. Alignment of the murina and human BCMA protein sequences
revealed a consarved motlf of six cysteines in the N-lenminal part, which strongly suggests thal the
BCMA protein belongs to the tumor nacrosis factor receplor {TNFR) superfamily, Human BCMAis
the first mamber of the TNFR family to be implicated In a chromosomal translocation,

Intreduction

The wmar necrosis factor (TNF)-related cytokines form a
large femily of pleiotropic mediators of host defense and
irmrnune system regulators. They act Jecally through cell-to-
cell contact, when they are integral membrane proleins, of
on distant target cells as secreted protsins. There are TNF
receptors (TNFR} that mediate the action of TNF-related
cywokines leading to celi death or cell proliferation and
differentiation (1,2). Most of the genes for TNFR encede type
{ transrembrane proteins with an extracellular ligand-binding
domain, a single membrane-spanning region and a cylo-
plasmic region that activates cell functions (3). Analysis of
the crystal structure of the first three domains of TNFRI,
complexed lo its ligand, showed that the canonical motif of
the TNFH fies in the N-lerminal extracellular part of the

moiecule and contains six cysteine residues (4,5} which fomm
a double loop of ~40 armino acids. The six-cysteine motif
forrrs a twisted ladder consolidated by three intradomain
disuffide bridges. However, the C-terminal half of the cysleine
molif can form differert disulfide connections and topology,
as shown by the way the fourth molif of TNFRE (Cys3-Cys6
and Cys4-CysS) differs from the first three {Cys3-Cys5 and
Cys4-Cys6) (6), it has been suggested that the cystsine motif

is in facl constructed from two small modules, each having |

distinclive structural roles (7). The classical first three molifs
of TNFR! sre A1-B2 pairs whereas the fourth motif is a
A1-02 pair, B2 and C2 being differant, both with iwo disuifide
bonds, but with different connections. '

The cysteine motif is repeated in all TNFR except ene (8),
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1694 BCMA: a new member of TNFR superfamily

which has only ana motif. In contrast 1o the exracefular panl
of the receptors, the sequences of the cyloptasmic tails are
generally dissimitar and fone pessesses sequences implying
catalytic activity, However, several motifs in the C-terminal
nan of TNFR have been shown to bind, upon figand binding
and receplor trimerization, protein faclors transducing the
signal. One of these molifs, the 'death domain', is present in
TNFRI, Fas, DR3, DR4 and DAS. It is responsibie for the
capacity of these receptors to induce apoplosis (8,10} A
cecond group of molifs binds signal ransducers, TNFR-
assooiated factors {TRAF), that have anti-apoplotic effects;
these ansducers interact directly with sevesal TNFR, like
TNFRE, CD40, CD30 and L8R {11-14). TRAF2, § and 6
madiate the activation of the transcriptional factor NF-xB
{15-17), while TRAF2 also activates the c-Jun N-lerminal
protein kinase (18). The distinct intrecellular domains of the
TNFR explain why there are so mary TNFR, each of which

* canindiate a distingt signal pathway, depending onthe type of

cytaplasmic signal transducers recruited by the cyloplasmic
domain. Several TNFR have been desciibed recently, some
of them are soluble proteins of viral origin, that are believed
1o block the aclion of TNF (18-22).

We have previously raponied the molecular analysis of a
1(4;16}{q25;p13) chromasomal translocatian, that occurred is
a human malignant T cell lymphoma, The breitkpoints of both
chromosome pannars invoived the iL-2 gene en chiomosome
4§ and a new gene called BCMA, for B cell maturation, on
chromesame 18, resulting in the \ranseription of hybrid IL-2-
BCMA mANA. The human BCMA gane is expressed preferen-
fialy in maturs B lymphocytes as 2 1.2 kb mRNA, which
encedes a 184 amino acid peplide {(BCMAp) {23). RNase
prolaction analysis using human malignant B cell lines
characleristic of different stages of B lymphocyte differentia-
tion demonstrated that the BCMA gete was poorly expressed
atthe pre-8 cell stage and tha! expression graduallyincreases
as the B iymphocyte matures (24). Polyclonal antibodies were
used to show that BCMAp is a non-glycosylated inlegral
membrane protein, which becomes insertsd inlo canine
microsormss, as a type | integral membrana prolsin in vilio,
BCMAp is not primarily a cell suface prolein in human
malignant myelomia celllines, but liesin a perinuclear structure
which partially averiaps the Golgi apparatus (25). We have
looked for the function of BCMAp by trying to iientily similarit-
ies wilh known oroteins using the FASTA (26} and BLAST
{27,28) algorithms. We found ne significant simiarities or
known protein motifs In the PROSITE data base {29). We
therefare cioned and characterized the murine homelog of
the BCMA gene, so that the information provided by the
conserved parts of the prolein could provide clues to the
function of BOMA,

This report describes the isolation and sequencing of a
rrurine BCMA cDNA and shows that the murine BCMA gene
encodes & 185 amino acid protein containing an inlemal
Yransmembrane segment. Sequencs comparison revealed
that six cysteine residues are conserved in the N-terminai
part of both hurnan and murine proleins. A sensilive method
of sequence analysis, hydrophobic cluster analysis {HCA)
(30}, indicates that these residues form a cysteine repeat
motif found in the exracelular part of TNFR. We therelora
suggest that human and murine BCMAp are new TNFR,

having a single cysteine-rich molif. The human BCMA gene
is the first TNFH gens that is implicated in chrormosome
transfocation,

Methods

Nucleic acid analysis, cloning and seguencing

Genomic DNA - extraction, agarose gel eleciophoresis,
Sputharn blot transter and hybridization were performed as
praviously described (31). Total ANA was extracled from
mouse organs or cullured cells using the guanidinium
isothiseyanate methed {32). Probes were labeled with 2p,
labeled nucleotide (Amersham, Paris, France) by the randem
prime method {33). Poly{A}* mRNA was prepared using
ofiga(dT} columns, cDNA Fbraries were construcled with
poly(A)* mANAs, using a cDNA synthesis kil (Phammagia,
Orsay, France). The resulting cONAs were ligated to Ecofl-
digested AZAPll phage ams (34) and packaged using an
in vito packaging kil (Amersham) A 0.7 kb Sphi-EcoRl
fragment of the human BCMA cDNA was used as probe for
hiots or fo screen the mouse cONA Forary under low strin-
gency conditions {washings in 2%SSC, 0.1% SUS solution at
toarn temperature for 30 min), Recambinant phages were
cloned as previously described {31). Genomic fragments
were subcloned in pUC18 {35) and pBlrescript {34,36). cDNA
and genomic plasmid inserls were sequenced onboth strands
by the dideoxy chain lermination procedure {37). Ciigo-
nucleotides were purchased from Gense! (Paris, France}].
Autoradiographies ware made using Kodak XARS films al -
80°C,

ANase pmoteclion assay  *

Relavan! cDNA restrction fragments were subcioned into
pGEM-4 plasmid vector. [6-*2P)UTP-labeled RNA probes
were synthasized from linearized DNA templates by T7 or
SP6 RNA palymerase {38) using the Riboprobe 1 core systemn
Kkt {Promega Biotech, Madison, Wi). Test RNAs (10-30 T3]
wats hybridized overnight at S6°C with the radiolabeled
antisense RMA (3% 10° c.p.m.) and desalured for 5 min at
90°C (39), The samples were assayed for RiNase prolection
using the RPAY kit under the canditions recommendad by
the manufacturer {Ambion, Austin, TX). The samples were then
precipitated with ethanol and analyzed by elactrophoresis
through a 5% "Hydrolink fong ranget’ (AT Biochemicals, FMC,
Rockland, ME) palyacrylamide-7 M uiea denatuiing gel and
autoradicgraphy.

{solation of cOINA clones by ancher PCR

A modification of the SLIC {single-sirand figation te single-
stranded cNA) methed (38,40) was used to oblain the
5 and 3* ends of BCMA mANA, The Marathan ¢DNA ampli-
fication ki {Clemech) was used to obtain BCMA cDNA from
1 pg of poly(AY mANA of J55B plasmacyloma cell line.
Fragments were amplied using the primers farnished by the
ranufacturer and the 8CMA-specific primers: 5'BCMA1 (5'-
CAGTAAGGCTGACAGGTIGCAG-3' and 3'BCMA1 (§'-GC-
AAGTCAAGTGTGCCAACTGCT-3). A secondary “nested’
PCR was dona using the fumished primers and the specific
BCMA ones, 5'BCMAZ: 5'-GGAATTCACACGGTIIGCA-
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AGCATGCAGC-3' and 3'BCMAZ 5'-GCAMTTCGATGGA-
GAAGCCAACTCACACTAG-3', The amplified products were
digested by Smal and EcoRl restriction enzymes, subcloned
in & pUC 18 vector, and further characterized by sequencing
a! least 10 different clones for each 5° and 3" end,

irt vitro transcription and translation

The entire coding sequence of murine and human BCMA
cDNAs were cloned under the control of the SPE polymerase
promoter in tha EcoRl sita of the pGEM.4 plasmid, The
resulling plasmids were transcribed and lransiated i vitro in
the presence of [*Sjmethionine using the TnT simultaneous
transeriplion and transiation kit (Promega Biotech). Translation
products were denatured by incubation for 4 min at 88°C in
sample buffer {25 mM Tris, pH 6.8, 1 mM EDTA, 5% glycerol,
1% Bmercaptosthancl, 4% SOS and 0.005% bromophenal

1 blue) and analyzed hy SDS-PAGE on 12.5% polyacryiamide
- gels (41), which were fixed, treated for fiuorography with

Entensify {NEN, Boston, MA), dried and autoradiographed.

Cell ines

The mouse cell fines used included T lymphoma (EL4 and
BW5147), macraphage {P38801 and J774), maslocyloma
{P815), B lymphacyte (M12 and A20), plasmacytoma {J558)
and dendritic {325C1 and CB1D3) cell lines {42). Cells were
cultured in APMI 1640 medium (Gibco/BRL, Paisley, UK)
containing 10% FCS (Gibeo/BRL) and 5% 10°5 M p-marcapto-
ethanal, :

Fluorescence in situ hybridization analysis

Fluotescence in sitv hybridization to murine melaphase
chromosemes was pesformed as previously described {43).
The murine probe was labeled with bictinylated-11-UTP by
random priming and hybridized to normal murine chromo-
sames. The hybridization signal was revealed by avidin-
cenjugaled isccyanate, the chiomesame counterstained with
propidium iodide and R-bands prepared.

Sequence analysis

Programs such as gapped BLAST were used 1o search for
similaritias in the database banks (28). Guidelines for the use
of HCA have been pubfished previously (30,44,45). Briefly,
protein sequences are shown on a duplicaled a-helical net
with armino acid nurnbers indicated above, The contours of
the hydrophobic residues are aulomatically drawn. The o-
helical net provides the best correspondence belween the
positions of hydrophobic clusters and regular secondary
structures (46). Four symbaols are used in the plots, indicating
the specific structural behavior of the amino acids they
reprasent: a star for profing, a diamond for glycine, a square
for threonine and a dotted square for serine. The statistical
significance of alignments is assessed by calculaling Z
scores. The Z score is the differance betwaen the alignment
score under consideration and the mean score of a distribution
computed for the elignment of sequence 1 versus a large
number {10,000} of randomly shuffled versions of saquence
2 {30,47). These diffarences are expressed relative to the 8D
of the randomn distribution, wilh values >3.0 considered 1o
represent authentic retationships for small domains.
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Detection of murine BCMA mANA by RT-PCR

Totai murine lissue RNA was purchased from Ambion,
Poly{A}* RNAs fram tissues and cultured calls were prepared
using Quick Prep migro mRNA purification g} {Pharmacia
Biotech) and then canverted into single-strand cDNA using
the First-Strand cDNA synthesis kit {Phammacia Biolech),
Aiguots {10 mi) of each single-strand cONA were then
submitted to PCR with primer pair no. 4MC5: 5'-
CCCGAGGCCCTGAAGGAC-3' and no. 2/M3": 5-CTAACGA-
CATGTAAAACACCAG-3", localed in the second and thind
exons, or with the primer pair no. 1-2 5-GGCGCAA-
CAGTGTITCCACA-3" and no. 3-2 H-CTCGGTETCG-
GCCTTGTCCA-3, located in the first and third exons of
BCMA cDNA. The MACTINS: 5'-GTGGCTCCATCITGGCCTC-
3' and MACTIN3: 5'-GAAGCACTTGCGGTGCAC-3' primer
pair was used as internal contral amplifying a 101 bp fragment
of mouse actin mANA. Then § pf of each PCR product was
analyzed by agarose gel elecirophoresis.

Identification of intron-exon boundaries

The junclions betwesn exans and introns and the size of
the introns of the murine BCMA gene wera determined by
restriction analysis of the bactedal anfficial chromasoma
{BAC} no. 11215 clone followad by PCR amplification and
nucleotide sequencing. Additional Southern genomic blots
were prepared to confirms the size of restiction fragments.
‘The primer pairs used contained sequences from opposite

strands of two putative neighboring exons of the cDNA, PCR

conditions included 250 pM dNTP, 150 pmol of each primer
and 2.5 U of Tag DNA polymerase {Perkin-Elmer, Norwalk,
©T). The PCR ampiification was performed in a Perkin-Elmer
2400 thernocycler. Sequences were obtained using spacific
primers, and were compared with the murine BCMA cDNA
to identiy the coding sequences and the Intion-exon
boundariss.

Rasults

BCMA sequences

Southern blols of genomic ONA from several species wete
hybridized with 1he hurnan BCMA ¢ONA probe {Fig. 1). They
showed, in all mammalian samplas tested, ONA sequences
homolegous fo the human BCMA gene. The human BCMA
probe detected the predicted 3 kb human fragment {lane 1),
a monkey 3.1 kb {lane 2), 2 rat 4.1 kb (lane 3), a mouse
4.9 kb {lane 4), a dog & kb (lare 5}, a rabbit 7 kb (lane 7}, &
yeast 2.6 kb (lane 9), and two distinct cow 5.8 and 1.4 kb
{lana 6} fragmens. The fainl lower band (1.4 kb) detected in
the cow DNA lane and the single band deteciad in the yeast
DA lane were due to non-specific hybridization. There were
no signals in the non-mammalien Janes (i2ne 8 for chicken},
and the lanes corresponding to ostich, quall, trout, 1adpele
and Drosophila DNA (data not showr). We thersfore conclude
that there are ganormic sequences homalogaus to the human
BCMA gene in several mammalian species, including the
mouse.

Cloning of a mouse BCMA cONA

The mutine secuences homologous to human BUMA
saguences were isolated by constructing & mouse spleen
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Fig. 1. Evidence lar sequences homolegous 1o human BOMA
Genomic DNA (10 pg) from human (lase 1), thesus monkey (lane 2),
tat {tane 3}, mouse (ane 4), dog (tana 5), caw {lans 6), rabbil {lane
7}, chicken (lane B} and yeas! {lane 9) were digested wilh Eecfll,
alactrophoresed on agarese gel and blolled onto a nylon membrane.
The filter was hybridized with a human SCMA probe, washad under
lsw stringency cenditions and autoradiographed. The mol. vimarkers
ate shown on the lelt of the blot {& Mindli). A disgram of the human
BCMA probe used is shown at the bottom of the figure.

¢DNA library in the AZAPIl veclor and screened with the
human BCMA cDNA probe under low siringency washing
conditions. One 0.8 kb mouse cONA clone was isolated and
sequanced. Anchor HI-PCA experiments were used lo clone
and sequence the 5 and 3’ ends of BCMA cONA and pravide
#is complete sequence, including the paly(A)* tafl, This pro-
vided an addifianal 41 nucieotides an the 5’ end, and two
nuclectides and the poly{A)* tail to the 3’ end of the rmouse
BCMA cDNA sequence.

The complete nucleolide sequence of the mouse BCMA
cDNA, aligned to that of human BCMA cDNA, is shown in
Fig. 2. The murne BCMA ¢DNA sequence has an open
reading frame {ORF) of 535 nucleotides, a 144 nucleotide
S.urdransialed region and a 47 nucleotide 3'-untranslated
region. t has 69.3% nucleclide identity with the whole
sequence of human BCMA cDNA. Tha nuclectide identity
betwesn these two cDNAs is higher (73.7%) when only the
coding regions are compared, The 3-untransfaled region
contains no convertional polyadenylation signal. The 555
nuciootide ORF starts al posilion 145 with a perfect Kozak
consensus saquence for the initiation codon {48) and encodes
a 185 amino acid protein with a TAA stop codon at position
700, Although the murine BCMA gene, fke humnan one, tacks
an N-terminal signa! peptide sequence, the presence of an
upstream step codon indicates that the complete ORF is
contained within this clone, The deduced murine BCMA
protein has a caleulated mol, wt of 20.4 kDa and an estimated
isoelectic point of 5.41. Figure 3 shows the alignment of the
deduced mouse and human BCMA proleins. They are 62%
identical, comesponding lo a 73% similarity with enly 4%
gaps. The amino acid sequence of mouse BCMAp has a
single hydrophabiz region {residues 50-72) that has fealures

of a mernbzane-spanrning segment. The relative positions of
the varicus potential post-transiation modificaticn sites in
mouse and human proteins showed that only four sites wers
commuon to the mouse and human BCMA proteins: two protein
kinase C [PKC) phesphorylation matifs {posilions 44 and 156
on the murne sequence) and two casein kinase it {CKif}
phosphorylation sites {positions 121 and 125 for the mouse
protein).

The mousa BCMA cDONA insert was subcloned in a pGEM-4
vector, transcrined and translated i vitowith [*S)methioning,
and the ranstation product analyzed by SDS-PAGE (Fig. 4).
The transiation product migrated as lwa bands with apparent
mat. wi of 20 and 26 kDa. The lower fainter 20 kDa band was
probably dus to an intemal AUG codon. The apparsnt mol.
wt {26 kDa) was higher than that predicled from the amine
acid sequence {204 kDaj.

Genomic organization of the murine BCMA gene

The entire mouse BCMA genommic sequences were cloned
using the murine BCMA cDNA probe to screen a BAC bank
{Genorme Systems, 1 Lowis, MI) and the no. 11215 BAC
clons was isolated. We established a partial restriction map
of the region containing the mouse BCMA gene and verifiad
the already obtained cDNA sequerce by establishing the
entire coding sequeace and determined the exanfinlron
boundaries {Fig. 5A and B). The 9.5 kb mouse BCMA gene
has thres exons, separated by two introns of 1 kb (intren 1)
and 4.5 kb {intron 2); it is flanked by G7 doner and AG
acceplor consensus splicing sites (49). The human BCMA
gens i similarly organized into three exuns, bul is only
-3 kb long, with introns of 0.75 kb {intron 1} and 1.2 Kb {intron
2) (24). No cancnical AATAAA polyadenylation signal was
found upstieam of the polyadenylation site of mouse BCMA
mBNA, or downstream from this site, as the sequencing of
the 3 untranscribed region of BCMA gene showed {Fig. 5B},

Human and murine BCMA proteins and the TNFR

The FASTA and BLAST programs revealed no significant
similarity for murine BCMA prolein, except for the human
one. HCA, a sansiive msthod of sequence analysis, which
combines sequence comparisan with secondaty stiucture
analysis, was used, This method detects sequence/structure
relationships for fow levels of sequence identity {balow the
so-called 'twilight zome’), when cument one-dimension
methods are not able to distinguish structural signal kom
background noisa (30}, The HCA represantation of the murine
BCMAp sequence fs shown in Fig. 6{A}. The approximate
posifion of the transmembrane domain is readily apparent
within a hydrophobic cluster of 23 amino acid residues. The
N-terminal 40 amino acid domain of BCMAp contains sbx
cysteine residues, like the 'cysieine motif' found in TNFR, in
the insudin recaptor and in epidermal growth factor recaptor
{50), The identity and similarity Z scores for mouse BCMAp
and mouse serine protease PCEB (51), were 7.1 and 7.3
{40% sequence identity on 30 amino acids}. The humar
BCMAp and mouse PCBB Z scores were 7.3 and 7.4 {38%
saquence identity on 31 amino acids). These values are wedl
ahove ihe threshold of 3, and indicate a genuine link between
the BCMAg N-terminal sequances and TNFR cysteine molis;
values of 3-6 are fraquently vhserved for divergen! but related
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Fig. 2. Alignmant of meouse and human BCMA cDNAs. Potential lranslation Wiliation AYSs are underlined with continuous Fnes, while codon
slops ars underlined with dashed fnes. The deduced amino acid sequencas lor mouse (m) and human {h) proleins ara shown In the single

latter coda. GenBank Actassion rumbar for mouss WNA AFB51505.

domains. Similar resulls were obtained for the Drosophila
mefanogaster furin-ike prolease {62) (31% sequance idantity
on 41 amino acids) and the TACI protein (53) (31% sequence
identity on 36 amino acids) which belang to the TNFR
superfamily. BCMAp possesses most of the other features of
TNFR including the conserved arcrmalic residus four 1o six
residues C-terminal from the fisst cyateine {4,54). BCMAp has
a tyrosine al five and a phanylalanine at six residues from the
first cysteing. ’

Expression of murine BCMA mANA

Total ANA {10 uy) from Yssues or celis was checked for
BCMA murine mRNA by the RNase protection methed {(data
not shewn). Murine BCMA mRNA was found enly in the
spiaan, bone marrow, heart and lungs {faint). Only the murine

plasmacytema cell line J558 actively exprassed the BOMA
gene,

BCMA mRNA was also delecled by FT-PCR using primer
pairs from the second and third exons of BCMA gene {Fig.
7), BCMA mANA was also detected as a singla band of 404
bp in kidneys and thyrmus but pal in the lver, brain, testis,
ovaties and embryanic lissues. BCMA mANA was detectad
in murine J558 plasmacytoma, EL4 and BW5147 T cell
lymphoma, AZ0 B cell ymphoma, and CB1D6 and D25C1
dendrific cell fines, We cannot evidence the presence of
murine BCMA mRNA in P815 mastocytema, J774 mactophage
and M12 B cell yrphoma cell lines.

When we used, as amplification primers, a primer pair
located in the first and the third exon of BOMA gene, we
avidenced the presence of two amplified bands, one of
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Fig. 3. Alignment of the pradisted mouse BCMA pratein sequence
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is tnderiined. The conservad six-Cysteine residues of the N-terminal
ara shown by an asterisk, whils tha three conservad cysteine residuas
of the C-larminal are denstad by a large dot.
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Fig. 4. In vitro ranseriplion and translalion of buman and mouse
BCMA proleins. pGEMABCMA human (H) and pGEM4BCMA mouse
{M} veclars {1 pg) were banscriped and vanslaled in vitro according
Io the instructions of the manufacturez. The translalion products were
heat denaturad and analyzed by SOS-PAGE on a 15% gel

304 by corresponding to the normal BOMA mRNA sequence
and a second ong of 145 bp. We have cloned these two
bands and established their nucleotide sequence. The shon
amplified sequence carresponds 1o an aliernale splicing,
which delates the entire second exon encoding the trans-
membrana region of BCMAp.

Chiomosamal localization of mouse BCMAp

The chromosomat localization of the BCMA gene was deter-
rmined by fluorescence in sitv hybwidization analysis using
a mouse BCMA cONA biotinylaled probe, as previously
described (55). Under the conditions used, mouse BOMA
gene was assigned to the long arm of chromosome 18, regien
1683 (Fig. 8). This regicn corresponds to the counterpan
of human 18p13 region where the human BCMA gene is
localized (56).

Discussion

We have previously cloned and characlerized a novel human
gene, BOMA, which is preferentially expressed in B ympho-
tyles. At thal time the absence of significant similasity of this
gana wilh known sequances as wiell as tha absence af know
motifs did not help us to postulate a valuable hypothesis
abaut the funclional roie of this gene. We have decided to
clona the mouse homoleg of tha human BCMA gene in order
to define the conserved regions and i possible idenlify any
significant functional motif. In this paper we repod 1he cloning
of the murine BCMA cDNA, she isclation and characterizalion
of the genomic BCMA fragment, the astablishmen) of is
chromaosomal localization, and the study of its tissue and cell
fine expression, Furthermore, the afignment of the two human
and murine sequences campleted by MCA aflowed us to
define BOMA as a member of the neive growth faclot receplor
(NGFRITNFR superfamily.

Sequences homologous lo the human BCMA gene were
found in all mammalian species lested (thesus mankey, rat,
mouse, dog, cow and rabbit} bul not in chicken, yeast or in
genomic DNA from ostrich, quall, trout, tadpole and Droso-
phila. Murine BCMA gene is 9.5 kb long and lies on murine
chromosome band 1883, the syntenic region of human 16p13
chramosome band {56}, The murine BCMA gene is crganized
Iike the human one with three exons, but the second murne
fntean {4.5 kb) is longer than the human intron 2 {1.2 kb}, The
murine BCMA cDNA encodes & 185 amino acid pratein
{184 amino acids for the human) cemaining a potential
\ransmembrane region as does the human prolein {23,25).
The human cDNA contains two putalive transcription start
codons sutrounded by a Kozak consensus site but only tha
second is present in the murine sequence, suggesting that
this second ATS codon is effectively used by the ranscription
machinery. Human BCMAp becomes inserted into canine
rricrosomes as a type | integral membrane proein in vitro.
The murine BCMAp is probably also atype | transmembrzne
protein. The very asymmelric distribution of charged residues
in murine BCMAp {27.5% of residues of the hydrophilic C-
tarminus are charged, and cnly 12% in the hydrophilic N-
\erminus) suggests that the C-terrinus is oriented towards
the cytoplasm (57,58). Human BCMAp has several potential
postiransiation modification sites, but only four sites are
common 1o human and murina proteins: ane PKC phospho-
rylation site in the N-terminal part of the protein, and one PKC
and two CKll phosphorylation sites in the cytoplasmic regiorn.

This suggests that the three cytoplasmic canserved madifica~

fion sites imay be used in vivo. The potential Neglycasylation
site in the human sequence al position 42 is nol present in
mouse BCMAP, in agreemeat with previeus resulis showing
that human BCMAp is nat glycosylated in vivo (25),

‘The human and murine BOMAD sequences have noimmedi-
ale similasities with any published matif or protein. Howaver,
a cluster of six cysleines is very well conserved in their N-
terminal region. These six cysteine residues can form the

rnotil found in the axtracellular domain of TNFR proteins (4). -

TNFR are generally typa | iransmembrans protsins that have
wo to six of these perfect or imparfect cysteine-rich domains
in their N-terminal region. Human BCMAp is also a typs |
\ransmembrane protein as s, probatly, the murine protein.
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agyaRgaaIgAIAGASTIAAc. . .

Fig. 5. Restrivtion map of murine BCMA gena, The partial restriclian map of the murlse BCMA gene is shown in {A). Exons are represanled
as cpan baxes. Restriction enzymes: Hindill, H; BamHl, 8; Sac, §; Ned, N; Smal, Sm; Kprd, K; Ecofi, B Xhdl, X. Tha exon bordars’ nucleofide
sequances are shown in (B). The donar and acceplor splicing sites AG and GT are underdined, while the deduced amino acid sequance is

‘L shown in the three latler code.

BCMAp is the second TNFR to be reported (the other is  disuffide hond pattern similar to that of classical TNFR motils

ciECP1, a fungal TNFR) that cantains a shod N-termisal
domain with a single eysteine motif. Al TNFR proteins also
contain an aromalic amine acid residue four to six residues
after the first cysteine, Both human and murine BCMAD have
a tyrosine five residues and a phenylafanine i residues alter
the first cysteine. We have therefore identified a new TNFR
with a single cysleine motil.

Wa have also identified the raason for which BCMAp is not
recognized as having a TNFR eysteine molif. The TNFR motif
of the human and mouse BCMAp doas not exactly match the
PROSITE TNFR/NGFR famity cysteine-rich region signa-
ture, {PDOCOOSE1: C-x{4,60{FYH}A8,10)}-C-x{0,2)-C-42,3}
C-(7.11)-C-x4 BH{DNEQSKPL2)-C). This is too strict for
the sequence separating the two last cysleines {loop 3:
underlined). BCMAP differs from the classical TNFR domains,
as described by the PROSITE signature, in the C-lerminal
part of the motil. BCMAp may have a shorter [oop 3 with 2

or a second sub-module that is different from the B2 one,
pethaps similar 1o the C2 one of the fourth cysteine motit of
TNFR in which the two last cysteines are also separated by
three residues {6). This is also rue for the TACI prolein.

The cytoplasmic tafls of TNFR are generally dissimilar,
indicating the great variety of signals transmilted. The BCMAD
Coterminal region is uniike that of any other TNFR. 1t doas not
contain a death demain motif, which leads lo apoplesis upon
ligand binding {9,310}, Neither the murine por the human
BCMA protein conlains either of the twe known molifs that
recruit the cytoplasmic proteins TRAE1, 2 ar 3 (59). However,
the remarkable conservation of the membrane proximal region
it the mouse and human BCMAR (93% identity at the amino
acid level) indicates that this intemal part could play a
role in signal transduction through the binding ol spesific
effector proteins.

Human BCMA mRNA Is expressed preferentialy in
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Fig. 6. {A) HCA represantation of the mousa BCMAp sequence. Tha protein sequenca s shawn on 2 duplicated a-helical net with aminn acid
numbers indicated above It. The symbols used in the piot and the manner in which the ene-dimensianal sequence and the two-dimensienal
struchures ata presented are indicaled in the insei, The transmembrane region Is shaded grey. Tha N-tarminal regian conlains six cystene
residuas {whila letiers) that are conserved in the human BCMAp sequence and which define a characteristic TNFR cysteine molif. The polential
disullids connections ara shown as daducad from the tree-dimensionat stuclure ol the first trea domains of TNFRS {solid ine) or from the
thrise-dimensional $irichire of the feurth TNFA| domain {dashed fine), (B) Aligrmant of he single cystaine molif of mouse and human BCMAR
witt: the cysteine matils of TNFR (SW: TNR1 human), Drosephila mefancgaster luinike prolease (3w FURZ_dramae), one of the cysieins
matits of tha mouse PGEB serine prolease {Ph: 534583} and the two malils of the human TACE {GenBank: AFD23614).
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Fig. 7. Detsction of mouse BCMA mANA in tissues and cisitured
call fines. Poly(A)* mANA (1 ug) was reverss transcribed and
subsetuenty amplified by PCR using a primer pair located in 1hs
sacond and third exons of mouss BOMA mANA, {A) Mouss lissues,
Bvar (1), brain (2), thymus (3), hear {4), ung {8}, spleen {6), leslis
{7). ovary (B), idnay (9), embryo (10} and none {11}, (B) Cullured
mouse NIH3T3 (1), J558 (2}, A20 (3}, M12 (4), EL4 {5}, BW5147 (6}
CBIDA (7), D2SC1 {8), J774 (9). PB15 {10} and nona {13} cell linea.
Tha control mouse B-aciin mANA is also shown.

Flg. 8. Chromesomal Jocalion of the murine BCMA gene, Fliorascent
in situ hybridizalion lo murine R-banded mataphase chromosames,
Two signals are visible on each chromalid chromosomes 18 {hand
1583). .

lymphoid organs and B ymphooytes (24,25). We found, by
using FANase prolection, tha! the murine BCMA gene is
faintly exprassed in lymphoid ergans and nol expressed in




. 1,

lyrmphocyle cell lines, excepl the plasmacytarna J558 cell
fine, where it is very active. FT-PCAR detected muring BCMA
gene expression that is similar te that of the humar and it
seems to be specific to secondary ympheid organs. Low
expression of BCMA gene activity was found in several
lymphacyle celi lines. Thare is also al least one variant
species of BOMA mRNA, expressed in mouse spleen, due to
alternative splicing of the second exon. Alterative splicing
producls are comman in TNFR.

The TNER can mediate, upon ligand binding, the astion of
protein factors Jeading to cell death or cell proliferation and
differentiation. BCMAp is mainly expressed in all tissues in
which ymphoid cells are ensiched. This expression patiem
suggests thal BCMAp plays a role in the development and
regulation of the imraune system. Identification of its cognale
ligand wili greatly improve our understanding of the physic-
logical rale of BCMAp.
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Abbraviations

BAC bacterial arlificial chromesome
BCMA B call maturation

BCMAp B cell maturatian protein

CHIl casain kinase [}

HCA hydrophabic chustar analysis
NGFR nerve growih factor receptor
ORF opan reading Irama

PKC protein kinase C

TNF turnar nacrosis factor

TRFR lumer necrasiz faslos recepior
TRAF TNFR-associated factor
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